Objective: To investigate the prevalence of vitamin A de®ciency among adolescent female factory workers in Bangladesh, and examine the association between various factors and vitamin A status. Design: A cross-sectional study. Setting: Garment factories in Dhaka city, Bangladesh. Subjects: Three hundred and eighty eight adolescent girls aged 12±19 y from ten garment factories were selected randomly for the present study. Information on socio-economic conditions and usual pattern of dietary intake were obtained by interview. Anthropometric data and blood samples were collected following the interview. Results: By NCHS reference standard, 15.5% of the participants were thin (`90% Wt/Ht) and about 7% overweight (b120% Wt/Ht). In about 56%, serum vitamin A level was below the adequate level of 1.05 mmol/l, with 14% having vitamin A de®ciency (`0.70 mmol/l). Forty four per cent of the participants were found to be anaemic (haemoglobin`120 g/l). Food frequency data on vitamin A rich foods revealed that a large percentage of the participants do not take eggs (41%), milk (64%), liver (85%) and sweet pumpkin (85%); while about 40% of the girls take dark green leafy vegetables (DGLV) and 17% take small ®sh at least four servings a week. The girls who consumed four or more servings per week of DGLV had signi®cantly higher serum vitamin A level than the girls who took three servings or less. There was a signi®cant positive association between the level of serum vitamin A and frequency of intake of DGLV (r 0.12; P 0.023). When age, level of education, percapita income, haemoglobin concentration, serum protein concentration, menstruation at the time of blood collection, prevalence of current morbidity, frequency of intake of egg, milk, small ®sh, DGLV, liver and sweet pumpkin were accounted for by multiple regression analysis, a strong relationship was found for serum vitamin A concentration with age, menstruation, haemoglobin level and frequency of intake of DGLV. For every unit change in the frequency of consumption of DGLV, there was 0.013 mmol/l change in serum vitamin A level whilst taking other factors into account. Conclusion: The data show that there is a high prevalence of subclinical vitamin A de®ciency among the adolescent female garment factory workers in Bangladesh, although the anthropometric indices suggest that they do not suffer from acute undernutrition. Consumption of DGLV appears to have an important relation with the vitamin A status of these girls.
Introduction
Vitamin A de®ciency including clinical and subclinical forms affect approximately 230 million children in developing countries around the world (Underwood & McClatchey, 1994) . In Bangladesh, vitamin A de®ciency is one important part of the larger picture of wide spread nutritional de®ciency. National Nutritional blindness study conducted in 1982±1983 demonstrated that the level of vitamin A de®ciency is four times higher than the WHO criterion for a major public health problem (HKI/IPHN, 1985) . According to this study, every year, over 900 000 children under 6 y of age suffer from some degree of xerophthalmia and 30 000 or more children become permanently blind. The obvious underlying cause for this poor status of vitamin A nutrition is the diet lacking adequate amounts of vitamin A. The latest national survey in Bangladesh, done in 1981±1982, reported that only 10% of the families met the recommended daily intake of vitamin A (INFS, 1983) . The average intake of vitamin A by the rural households was between 19±28% of the RDA. The situation for industrial labourer families was even worse.
Though the risk of severe de®ciency decline with age, vitamin A de®ciency frequently extends into adolescence and early adulthood, when prevalence rates of mild xerophthalmia sometimes exceed the preschoolers (Upadhyay et al, 1985; Henning et al, 1991) . Several recent reports have shown that vitamin A de®ciency is also prevalent among adults, especially in women of reproductive age (Bloem et al, 1994; Katz et al, 1995; Bloem et al, 1996) . Basic research has now demonstrated far-reaching effects of vitamin A de®ciency, predisposing to a range of disabilities, including effects on the intestine, respiratory tract, immune system as well as involvement of the eyes. While clinical vitamin A de®ciency poses a major threat to children's health, those with mild xerophthalmia or subclinical vitamin A de®ciency are also at increased risk of suffering from various infectious diseases and contributes to increased mortality (Sommer et al, 1986; Rahmathullah et al, 1990; West et al, 1991) .
The garment industries, a labour intensive foreign currency earning industrial sector, in Bangladesh that have been undergoing explosive growth, mainly employ rural women of poor socio-economic background who have moved to the urban centres in search of jobs. Majority of the workers are adolescent females living in urban slums and deprived of basic amenities of life and health care facilities. To date, no study has systematically investigated the nutritional status of this large segment of emerging urban population. The present study was undertaken to investigate the prevalence of vitamin A de®ciency among adolescent females working at the garment factories in Dhaka city. Furthermore, we assessed their dietary pattern in relation to vitamin A rich foods, and examined the relationship of various social, personal and dietary factors with vitamin A status of these girls.
Subjects and materials

Subject identi®cation and selection
The study group comprised 388 adolescent girls, 12±19 y old, working at ten different garment factories in Dhaka city. The factories were selected purposively in different locations of the metropolitan area and considered to be representative of the geographical distribution of garment factories in the city. Approximately forty girls from each factory were selected by simple random sampling. Purpose of the study was explained to the authorities of the garment factories and permission to carry out the work in their employees were sought for. Selected girls were then asked for consent to participate in the study. Response rate varied from 80±100% in each garment. The study was conducted during December 1995 to January 1996. The study was approved by the Institute of Nutrition and Food Sciences, University of Dhaka.
Questionnaire and sample collection A questionnaire was developed to obtain information on the socio-economic conditions, personal characteristics, current morbidity and usual dietary pattern in relation to vitamin A rich foods and pretested before ®nalization. The garment factories were visited on pre®xed dates and the participants were interviewed. Anthropometric data and blood samples were collected following the interview. Five millilitres of blood were drawn from the subject's arm. An aliquot of this blood was taken in a heparinized tube for measurement of haemoglobin concentration. The remaining blood was placed in a glass centrifuge tube and immediately wrapped in foil to protect against degradation of vitamin A by light. The blood was allowed to clot at 25 C for 2 h. After centrifugation, serum samples were separated and kept frozen at 720 C until further analysis. Serum vitamin A analysis was done within four months of blood collection.
Anthropometric and biochemical measurement Body weight of each participant was taken to the nearest 100 g. The girls were measured barefoot, with clothes on. The average weight (0.5 kg) of the clothes was later subtracted from the measured weight. Height was measured to the nearest 0.1 cm. Weight and height were measured on a combined height weight scale (Detecto-Medic; Detecto Scales Inc. Webb City, MO). Weight for height (Wt/Ht) of the participants were calculated from United States National Center for Health Statistics (NCHS) reference standard (1976) .
Haemoglobin and serum total protein concentrations were determined using the cyanomet-haemoglobin and biuret methods respectively, using commercial kits (Boehringer Mannheim, Germany). Serum retinol (vitamin A) was determined by HPLC, according to Bieri et al (1979) . In brief, retinol was extracted with hexane after deproteinization with absolute alcohol containing retinyl acetate (Sigma, Saint Louis, MO, USA) as the internal standard for retinol. Retinol was separated on a reverse phase C 18 column with a methanol±water (95:5, v/v) solvent system and monitored spectrophotometrically at A 325 nm (solvent delivery system, Waters 510, absorbance detector, Waters 486; data module, Waters 7460). The inter-assay and intraassay variation for serum vitamin A were 4.3% and 3.9% respectively.
Statistical analysis
Data were analyzed with the SPSS/version 4.1 statistical package (1990) . Univariate analysis comprised of simple frequency distribution of selected variables. For each of the variables, normality test for distribution of data were performed by Kolmogorov±Smirnov goodness of ®t test. Mean, standard deviation and medians for all parameters were calculated. Frequency of intake of each of the selected vitamin A rich foods was divided into two groups using a cut off point and analysis of variance was done to examine the relationship of serum vitamin A with the frequency of intake of vitamin A rich foods by controlling for the other appropriate factors. Pearson's correlation test was performed to examine the association between serum vitamin A and various social and biochemical indices. Backward stepwise multiple regression analysis was carried out to examine the independent relationship of serum vitamin A with selected variables. The ®nal regression model showed the ordinary least squares regression coef®cients (B), standard error of B (s.e. B) and standardized Beta coef®cients (Beta). Beta is the coef®cient that is adjusted for s.d. and thus being in the same units are directly comparable. Table 1 shows the characteristics of the participants by age, level of eduction, family size, and family income. Data on Vitamin A de®ciency among adolescent females F Ahmed et al socio-economic conditions were missing for 30 girls as they refused to provide information. The anthropometric and biochemical indices of the nutritional assessment of the participants are presented in Table 2 . Since it was not possible to obtain the exact age of the participants because of high illiteracy, only weight for height (Wt/Ht) was calculated and mean Wt/Ht was within normal range compared to the NCHS median. Of the participants, 15.5% were found to be thin (`90% Wt/Ht) and about 7% were overweight (b120% Wt/Ht). Mean haemoglobin concentration was 119.7 g/l and ranged from 74±157 g/l.
Results
Using a cut off point of less than 120 g/l for haemoglobin, 44% of the girls were found to be anaemic. The average serum vitamin A concentration was 1.04 mmol/l, ranging from 0.31±2.47 mmol/l. Of the total population, 56.2% had low serum vitamin A level (less than 1.05 mmol/l) and 14.2% were vitamin A de®cient (less than 0.70 mmol/l).
Mean frequency of intake of egg, milk, small ®sh and dark green leafy vegetables (DGLV) were 1.3, 0.8, 2.1 and 3.4 servings per week, respectively; while the consumption of liver and sweet pumpkin were only 0.2 servings per week. Data on frequency of intake of vitamin A rich foods were missing for 54 samples. Distribution of the participants by frequency of intake of selected food items rich in vitamin A are shown in Table 3 . A good percentage of the girls did not take eggs (41%), milk (64%) and small ®sh (27%) at all in the previous week; while nearly 40% consumed DGLV at least four servings a week. Of the girls, 85% did not take sweet pumpkin and liver at all in the week preceding the interview.
The relationship between the frequency of intake of selected vitamin A rich foods and serum vitamin A level of the participants is shown in Table 4 . The girls were divided into two groups based on the frequency distribution of intake of eggs, milk, small ®sh and DGLV, using a cut off point of four servings per week. In case of sweet pumpkin and liver, a cut off point of one serving per week was used. The mean values of serum vitamin A were calculated for each group. Serum vitamin A level was signi®cantly lower in the girls who consumed less than four servings of milk (P 0.05) and/or DGLV (P 0.0015) per week than in the girls who consumed four servings or more. When the data were adjusted for age, level of education, per capita income, morbidity and menstruation during blood collection, the difference between groups remained statistically signi®cant (P 0.003) only for the intake of DGLV.
The association of serum vitamin A with various social and biochemical indices and the frequency of intake of vitamin A rich foods were tested using Pearson's correlation. There were statistically signi®cant positive associations between the level of serum vitamin A and age of the participants (r 0.16; P 0.004), haemoglobin concentration (r 0.27; P 000) and frequency of intake of DGLV (r 0.12; P 0.02). Factors in¯uencing serum vitamin A level of the participants were explored in more detail using backward stepwise multiple regression analysis (Table 5 ). In the analysis, age, level of education, per capita income, haemoglobin concentration, serum total protein, menstruation during blood collection, prevalence of current morbidity, frequency of intake of egg, milk, small ®sh, DGLV, liver and sweet pumpkin were included. Using a P for 
Discussion
Vitamin A de®ciency is highly prevalent and continues to be a major public health problem in Bangladesh (HKI/ IPHN, 1985; Bloem et al, 1994) . While preschool children are considered to be the most vulnerable group with respect to vitamin A de®ciency, recent studies have demonstrated that nightblindness in the pregnant and non-pregnant women is also a public health problem, especially in the poor communities, that has been overlooked (Christian et al, 1996; Malyavin et al, 1996; Bloem et al, 1996) . Nightblindness during pregnancy is an obvious repercussion of the exacerbation of chronic vitamin A de®ciency. In a society where the ®rst pregnancy is likely to occur at an early age, adolescent girls should be considered as a group of high priority in terms of their nutritional status. The present study was designed to examine the vitamin A status, based on serum vitamin A level, in a group of adolescent females working at the garment factories in Dhaka city. By and large, these girls are mostly illiterate and come from families with very poor socio-economic background. They represent an upwardly mobile segment of urban population, participating in the country's booming textile industry. They are extremely hardworking, but unfortunately exploited and still poor. In Bangladesh, previous surveys on vitamin A status have been carried out primarily based on clinical examination for signs of vitamin A de®ciency, where more severe and clinically evident de®ciency was detected (HKI/IPHN, 1985; Bloem et al, 1994) . Recently, Latin American surveys included biochemical assessment based on serum retinol levels and showed a signi®cant prevalence of low values, ranging from 6% to over 30%, provided convincing evidence that where clinical signs of vitamin A de®ciency are rare, subclinical de®ciency was clearly shown to be a public health problem (Ross & Trowbridge, 1994) . Given the likelihood that prevention of subclinical vitamin A de®ciency will substantially reduce both morbidity and mortality, it is essential to evaluate the prevalence of subclinical de®ciency in different population groups within the country. It has been suggested that biochemical indicators of vitamin A status can be highly valuable in quantifying the extent of vitamin A de®ciency especially in populations characterized by subclinical de®ciency (Ross & Trowbridge, 1994) . Therefore, we used serum retinol (vitamin A) as the indicator of vitamin A status and the ®ndings of the present study showed that more than half (56.2%) of the participants had marginal vitamin A status (less than 1.05 mmol/l) with a signi®cant prevalence (14.2%) of vitamin A de®ciency (less than 0.70 mmol/l), indicating the existence of a serious public health risk. It needs to be mentioned that vitamin A de®ciency rarely occurs as an isolated nutritional problem; if it does, it is hardly ever recognized in the absence of severe xerophthalmia (Sommer & West, 1996) . To endorse our data on vitamin A de®ciency, we also examined the haemoglobin concentration and observed that nearly half (44%) of these girls were anaemic. In this study we found a signi®cant correlation between serum vitamin A level and haemoglobin concentration. Our recent study has demonstrated that in a group of adolescent girls, from higher economic background, marginal vitamin A status might compromise iron metabolism and hence haemoglobin formation (Ahmed et al, 1996) .
It is noteworthy that these girls display an anthropometric distribution comparable to NCHS reference data. Unlike most of their rural and poorer urban female counterparts, these girls are not wasted and hence not energy de®cient, but they are still vitamin A de®cient, most likely due to low intakes of vegetables, fruits and preformed vitamin A. In the present study, we collected information on the intake of vitamin A rich foods over a period of one week and the data reveals that a large percentage of the girls do not take food rich in preformed vitamin A, such as eggs, milk and liver. In the poor communities of Bangladesh as in most of the other developing countries, approximately 90% of the total vitamin A intake comes largely from carotene rich foods (INFS, 1983) . We observed that about 40% of the girls take DGLV at least four times a week. Sweet pumpkin is the only vegetable rich in provitamin A carotenoids, however, over 80% of the participants do not take sweet pumpkin. During the time of the study, vitamin A rich fruits such as mango, papaya and jackfruit were not available. The fruits consumed by the girls were mainly citrus fruits (data not shown). The food frequency data suggest that a signi®cant proportion of the girls might have low dietary vitamin A intake. However, we do not have any quantitative information in support of this contention. We also examined the knowledge of the participants regarding vitamin A rich foods (data not shown). Unfortunately, nearly two thirds (61%) of the total participants did not have any idea about vitamin A rich foods.
In the present study, we investigated whether serum vitamin A level of the participants is associated with the frequency of intake of vitamin A rich foods. The ®ndings revealed that the girls who had relatively higher (four or more servings per week) intake of DGLV had signi®cantly higher serum vitamin A level, after adjusting for various socio-economic and personal factors. Bloem et al (1996) worked on rural Bangladeshi women of reproductive age and reported that relatively higher intake of vitamin A, from DGLV, was associated with decreased maternal nightblindness and thus support our ®ndings. Another study in Nepal by Christian et al (1996) also showed that XN pregnant women were less likely to have consumed milk, mangoes and DGLV than that of matched controls.
A study in Aceh, Indonesia used logistic regression analysis to examine the relationship of various factors with xerophthalmia and reported that the consumption of DGLV, yellow fruits and eggs was inversely related to the risk of xerophthalmia (Mele et al, 1991) . Multiple regression analysis of our data reveals that the frequency of intake of DGLV is signi®cantly independently related to serum vitamin A level. The ®ndings suggest that despite low bioavailability of beta-carotene in DGLV, promotion of consumption of DGLV seems to be an effective measure to improve vitamin A status of population who have little access to foods containing preformed vitamin A.
Conclusions
This study shows that a group of poor young females who, even in their productive roles, face substantial risk with regard to micronutrient de®ciencies, although they are not energy de®cient. The present study generates a valuable baseline information to form a basis for policy to improve the nutritional status with respect to micronutrients of this emerging urban population.
